ABSTRACT. This paper provides some results for analyzing relations between frequencies and time of vibration signals. These results have been obtained by studying the properties of wavelet transform, the spectral analysis, the Short-time Fourier transform and by using the toolboxes in the software parked MATLAB. We have created the corresponding PC programs in order to realize algorithms and for the illustration of results by exploring examples.
Introduction
For analyzing vibrations signal of machine details, constructions... one of the main interested problems is that how to specify the time-frequency relations of that signal. We known, that the Fourier transform allows to establish relations between amplitudes and frequencies only.
In last years, the research results of wavelet transform and its applications in the differential domains: functional analysis, signal processing ... are interested by several authors [1] , [2] , [3] , [4) . However, the applications of the wavelet transform for analysing vibration signals have been little studied. In this paper, we present some initial results in applications of the wavelet transform for analyzing vibration signals. The obtained results had been built in the graphical forms, which are in PC programs. We have written these PC programs in MATLAB language. The main problem is given by the illustrations of relations between frequencies and time of vibration signals 2. A Property of the Wavelet Transform is the Fourier transform of the function 'l/J(t), and L 2 (R) is the space of the square integrable functions which are defined on R.
Definition 2.
Let 'ljJ be a wavelet, the signal f is a function of time t, and f E L 2 (R). 
The Inverse Wavelet Transform
In the applications fields of signal processing, the inverse Wavelet transform always is used to reconstruct the initial signal from the results, which had been obtained by the Wavelet transform. In [1] , [2] , the proof of the inverse Wavelet transform formula is based on fundamentals of group theory and the functional analysis. In this section, we propose a proof "directly".
Theorem 1 (Inverse Wavelet transform formula
We have the following supported results, which are obtained from 1. Fourier transform: The Wavelet transform has many applications in the different fields [1) , [2] , [3), [4) . Here we try to present some applications of Wavelet transform to analyze signals that is used to describe vibration phenomenon. Analyzing the signals we are interested in problems of illustrating changes of frequencies according to time in the signal. If Fourier transform is used for analyzing the signals, then in the frequency domain, time information will be lost. Looking at a Fourier transform of a signal, it is impossible to tell when and at what frequencies a signal occurs. In this section, we illustrate changes of frequencies according to time in vibration signal processing. At the same time, the Short Time Fourier Transform (STFT) has been used also to present the similar results here. Both above mentioned methods have been realized by using our PC programs and by graphical analysis. The source codes of the PC programs have been written in MATLAB language, which can run in the environment of MATLAB.
In this paper, wavelet analysis for a signal s(t) means that we must first expand the signal s( t) into the sum of wavelet components -the same harmonics components in Fourier expansion of any signal -and then the vibration information of t he given signal will be studied through analysis of these components. The second, the signal is analyzed to find the relations between frequencies in the signal and time. We perform these analyses from component signals. However, from wavelet 1-D we do not explain which frequencies the signal contains. Even so, using the analysis, wavelet 1-D still makes the presence of "extra" frequencies. The "extra" frequencies obtained in analyzed process are not the frequencies of the given signal. Therefore, the spectral analysis method is used to select frequencies in the given signal.
Using STFT method, we also obtained the similar analyzed results. Comparisons between two methods are not discussed in this paper (see. in [1] , [2] , [3] , [4] ).
So, an analyzed process for relations of time-frequencies of a signal includes:
Step 1. Spectra analyzing a given signal (the Fast Fourier Transform is used) will give all frequency components that are embedded in the signal.
Step 2. Wavelet analyzing a given signal will indicate relations between the obtained frequencies and time.
We will present the steps of analysis in the following combination.
Combination Analysis
In the following examples, we shall apply the spectral analysis method for signals that are the discrete-time functions . The frequencies found do not depend on the particular analytical expression of given signal.
Example 3.1.1. The signal s(t) is given by the following expressions: So the given signal s(t) has the frequency components f 1 = 50 Hz and f 2 = 120 Hz.
The wavelet analyzed graphics are presented in figure 3 .
From figure 3 , we have the following remarks: . 
Fig.1. Initial signal s(t)
Amp litude Spectrum • T he computational results using STFT are presented in figure 4 . In figure 4 we obtain two bold red bands. They are the parallel lines with axis of time. Specially, these bold red bands cross exactly the axis of frequency at the frequencies fib= 50 Hz= f 1 , hb = 120 Hz= f2. These red bands are the stretch in all time of a signal. Thus, the signal s(t) acts primarily on the two frequencies f 1 , h in over time domain of the signal The amplitude spectra analyzed graphic of signal s(t) is given in figure 6 . In figure 6 we show the amplitude spectra JA(f)J of signal s(t). This ;l o 2s
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Fig. 5. Initial signal s(t)
Amplitude Spectrum In figure 7 , we show that: 1. The oscillation of the signal is decomposed into the sum of wavelet components:
2. The forms of oscillation of the signal are very different on three time intervals. Each of intervals contains 400 unit s of time.
• On the first part of time interval of signal ( 1 :::; t :::; 400) : Because the vibration amplitudes in As, Ds Similarly, D 3 is periodic oscillation with frequency fie = 70 Hz, which is not identical with the found frequencies from the amplitude spectrum analysis. Therefore, frequency fie is excluded in D3.
• On the middle part of time interval of signal ( 400 < t :::; 800) : For this "linear" chirp, the derivative of the phase is linear.
We shall choose the sampling frequency Jc = 1000 Hz, t E [O, 1.5] PC program ARFT323.m gives us the results in figures 9, 10, 11 and 12. Figure 10 shows that , the signal s(t) has only one major values Ji ~ 370 Hz.
The wavelet analytical graphics are illustrated in fig;ure 11. For this signal, use of wavelet analysis to specify time-dependent frequency of given signal is the next research.
The computational results using STFT are presented in figure 12 .
In figure 12 the change of the bold red band in time domain of signal is linear.
Thus, the frequency of the above mentioned chirp signal s(t) depends linear on timet.
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